Motivated by the possible large direct CP asymmetry ofB 0
Introduction
Double charm decays of B u,d and B s provide us with a rich field to study CP violation and final-state interactions as well as to extract information of Cabibbo-Kobayashi-Maskawa (CKM) elements. CP asymmetries (CPAs) in these decays play important roles in testing the Standard Model (SM) as well as exploring new physics (NP) [1, 2] . 
respectively. One would find the difference between the two measurements is ∆C = 0.84 ± 0.32,
i.e, the difference is as large as 2.7σ. So far, such a large direct CPA has not been observed in the other measurements ofB been investigated with possible NP scenarios, such as unparticle interaction [12] and the NP effects in electroweak penguin sector [13, 14] , and so on.
In this paper, we would like to investigate B u,d and B s double charm decays systematically in the minimal supersymmetric standard model (MSSM) [15, 16] with R-parity violation [17, 18] .
In the literature, the possible appearance of the R-parity violating (RPV) couplings [17, 18] , which violate the lepton and/or baryon number conservations, has gained full attention in searching for supersymmetry [19, 20] . The effects of supersymmetry with R-parity violation in B meson decays have been extensively investigated, for instance in Refs. [21, 22, 23, 24] .
In our work, twenty-four double charm decaysB are studied in the RPV MSSM. For simplicity we employ naive factorization [25] for the hadronic dynamics, which is expected to be reliable for the color-allowed amplitudes, which are dominant contributions in those double charm decays. [3, 4, 5, 6, 7, 8, 9, 10, 11, 26] .
To derive constraints on the relevant RPV couplings, we will choose a set of data from the aforementioned measurements which have quite high consistency between the measurements of BABAR and Belle. Then, using the constrained RPV coupling parameter spaces, we predict the RPV effects on the other observables inB nevertheless the penguin effects are less Cabibbo-suppressed. For these decays, most branching ratios and one longitudinal polarization have been measured [27, 28, 29, 30, 31, 32, 33, 34] . We will take the same strategy as the one for b → ccd decays to constrain relevant RPV couplings and estimate RPV effects in these decays. We find that RPV couplings could significantly affect the CPAs of these decays, and could flip their signs.
Our paper is organized as follows: In Sec. 2, we briefly introduce the theoretical framework for the double charm B u,d and B s decays in the RPV MSSM, and we tabulate all the theoretical input parameters. In Sec. 3, we deal with the numerical results and our discussions. At first, we give the SM predictions with full uncertainties of the input parameters. Then, we derive the constrained parameter spaces which satisfy all the experimental data with high consistency between different collaborations. Finally, we predict the RPV effects on other quantities, which have not been measured or have not been well measured yet. Section 4 contains our summary.
2 Theoretical Framework
Decay amplitudes in the SM
In the SM, the low energy effective Hamiltonian for ∆B = 1 transition at a scale µ is given by [35] 
here λ p = V pb V * pq for b → q transition (p ∈ {u, c}, q ∈ {d, s}). The detailed definition of the effective Hamiltonian can be found in [35] .
It is empirically observed that naive factorization [25] still works reasonably well in the color-allowed double charm B u,d and B s decay processes. We will describe the B → D ( * ) D ( * ) q decay amplitudes within the naive factorization approximation in this paper. Under the naive factorization approximation, the factorized matrix elements are given by
Decay constants and form factors [36, 37] are usually defined as
in terms of decay constants and form factors as follows
q may occur through both tree level and loop induced (penguin) quark diagrams, and the SM decay amplitudes within the naive factorization are given as
where the coefficients a
with the upper (lower) sign applied when i is odd (even), and P p i account for penguin contractions. The factorization parameter ξ in Eq. (11) arises from the transformation of (V − A)(V + A) currents into (V − A)(V − A) ones for the penguin operators Q 5 , · · · , Q 8 , and it depends on properties of the final-state mesons
For the penguin contractions, we will consider not only QCD and electroweak penguin operator contributions but also contributions from the electromagnetic and chromomagnetic dipole operators. P p i are given as follows
where the penguin loop-integral function
with the penguin momentum transfer
(1 − 2u)], in stead of keeping k 2 as a free parameter as usual.
The constants F 1 and F 2 in Eq. (13) are defined by
where ǫ *
Decay amplitudes of the RPV contributions
In the RPV MSSM, in terms of the RPV superpotential [17] , we can obtain the relative RPV
where
and β 0 = 11 − 
Observables to be investigated
We can get the total decay amplitudes in the RPV MSSM as
The branching ratio B reads as
where τ B is the B lifetime, |p c | is the center of mass momentum in the center of mass frame of . Then we have
The longitudinal polarization fraction f L and transverse polarization fraction f ⊥ are defined by
In charged B meson decays, where mixing effects are absent, the only possible source of CPAs is
and
For CPAs of neutral B q meson decays, there is an additional complication due to B mixing. There are four cases that one encounters for neutral B q decays, as discussed in Refs.
[ 38, 39, 40, 41] .
q with f CP = ±f , involving final states which are CP eigenstates,
i.e., decays such as 
. In addition, S + f and C + f can be obtained from the similar relation given in Eq. (27) .
Case (iv) also involves mixing but requires additional formulae. Here one studies the four time-dependent decay widths for B 0 [38, 39, 40, 41] . These time-dependent widths can be expressed by four basic matrix elements [40] 
which determine the decay matrix elements of B 0 q → f,f and ofB 0 q → f,f at t = 0. We will study the following quantities
with λ
, which means that C f = −Cf and/or S f = −Sf .
Input parameters
Theoretical input parameters are collected in Table 1 . In our numerical results, we will use the input parameters which are varied randomly within 1σ range.
We have several remarks on the input parameters:
• CKM matrix elements: The weak phase γ is well constrained in the SM, however, with the presence of R-parity violation, this constraint may be relaxed. We will not take γ within the SM range, but vary it randomly in the range of 0 to π to obtain conservative limits on RPV couplings.
• Decay constants: The decay constants of D * q mesons have not been directly measured in experiments so far. In the heavy-quark limit (m c → ∞), spin symmetry predicts that • , β = 21.7
• .
[43]
[44]
• • Wilson coefficients: We obtain Wilson coefficients in terms of the expressions in [35] .
• RPV couplings: When we study the RPV effects, we consider only one RPV coupling product contributes at one time, neglecting the interferences between different RPV coupling products, but keeping their interferences with the SM amplitude. We assume the masses of sfermion are 100 GeV. For other values of the sfermion masses, the bounds on the couplings in this paper can be easily obtained by scaling them by factorf 2 ≡ (
Numerical results and discussions
In this section we summarize our numerical results and analysis in the exclusive color-allowed b → ccq decays. First, we will show our estimates in the SM with full theoretical uncertainties of sensitive parameters. Then, we will investigate the RPV effects in the decays. We will constrain relevant RPV couplings only from quite highly consistent experimental data and show the RPV MSSM predictions for the other observables, which have not been measured yet or have less consistency among different collaborations. Table 2 . We can see almost all physical quantities have been consistently measured between BABAR and Belle, and only
Exclusive color-allowed
have low consistency between BABAR and Belle.
Our SM estimates predicted within the theoretical uncertainties of input parameters are given in the second columns of Table 3 and Table 4 . Theoretical predictions for the branching ratios and the polarization fractions are given in Table 3 . CPA predictions are given in 
the longitudinal and transverse polarization fractions can be precisely predicted, and are about ∼0.5 and ∼0.1, respectively. Comparing present experimental data in Table 2 with the SM predictions in Table 3 and Table 4 , we can find that all measured quantities agree with the SM expectations within the error ranges except
We now turn to explore the RPV effects inB
The most conservative existing experimental bounds are used in our analysis.
We choose the averaged data, which have highly consistent measurements between BABAR and
Belle (defined as a scale factor S ≤ 1), and varied randomly within 2σ ranges to constrain the RPV effects. The current experimental data and theoretical input parameters are not yet precise enough to set absolute bounds on the relative RPV couplings. We obtain the 
Belle. The branching ratios (B) are in units of 10 −4 . The scale factor S is defined in introduction part of Ref. [42] , and S > 1 often indicates that the measurements are inconsistent.
5.7 ± 0.7 ± 0.7 [9] 11.7 ± 2.6
8.1 ± 0.8 ± 1.1 [7] 8.1 ± 0.9 ≤ 1.0
3.85 ± 0.31 ± 0.38 [10] 3.8 ± 0.4 ≤ 1.0
4.57 ± 0.71 ± 0.56 [11] 3.9 ± 0.5 ≤ 1.0
0.00 ± 0.17 ± 0.03 [4] 0.23 ± 0.25 ± 0.06 [5] 0.07 ± 0.14 ≤ 1.0
−0.13 ± 0.14 ± 0.02 [9] 0.00 ± 0.08 ± 0.02 [10] −0.03 ± 0.07 ≤ 1.0
0.15 ± 0.15 ± 0.05 [11] 0.03 ± 0.10 
0.57 ± 0.08 ± 0.02 [7] allowed scattering spaces of the RPV couplings λ Using the constrained parameter spaces shown in Fig. 1 , one may predict the RPV effects Table 4 : Theoretical predictions for CPAs (in units of 10 −2 ) in exclusive color-allowed b → ccd decays. on the other quantities which have not been measured yet or have less consistent measurements between BABAR and Belle. With the expressions for B, C, S, A dir CP , f L and f ⊥ at hand, we perform a scan on the input parameters and the constrained RPV couplings. Then we obtain the RPV MSSM predictions with different RPV coupling, whose numerical results are summarized in the last two columns of Table 3 and Table 4 .
The contributions of λ ′′ * 232 λ ′′ 212 due to squark exchange are summarized in the third columns of Table 3 and Table 4 . In Table 3 , comparing with the SM predictions, we find λ For each RPV coupling product, we can present correlations of physical quantities within the constrained parameter spaces displayed in Fig. 1 by the three-dimensional scatter plots. RPV coupling contributions toB
very similar to each other. So we will take an example for a few observables ofB Fig. 2 (f) . Fig. 3 gives the effects of the slepton exchange couplings λ
As displayed in Fig. 3 (a) 
, and they have quite complex variational trends to 
decay modes. Almost all branching ratios and one longitudinal polarization have been measured by Belle [49] , BABAR [27, 28, 29] , CLEO [30, 31, 32, 33] , and ARGUS [34] collaborations. Their averaged values from Particle Data Group [42] are listed as follows
The SM predictions, in which the full theoretical uncertainties of input parameters are considered, are given in the second columns of Table 5 and Table 6 . Theoretical predictions for the branching ratios and the polarization fractions are given in Table 5 . Predicted CPAs are also given in Table 6 . Compared with the experimental data, only the SM predictions of
are slightly larger than the corresponding experimental data given in Eq. (33) , and all the other branching ratios are consistent with the data within 1σ error level. For the color-allowed b → ccs decays the penguin effects are doubly Cabibbo-suppressed and, therefore, play a significantly less pronounced role in CPAs. These CPAs have not been measured yet. We obtain that all CPAs are expected to be very small (about 10 −3 or 10 
s decays, and the constrained space is displayed in the right plot of Fig. 4 . From Fig. 4 , we find both moduli of RPV couplings have Next, using the constrained parameter spaces shown in Fig. 4 , we are going to predict RPV effects on the observables which have not been measured yet. We summarize RPV MSSM predictions with two separate RPV coupling contributions in the last two columns of Table 5 and Table 6 .
The contributions of λ ′′ * 231 λ ′′ 221 coupling due to squark exchange are summarized in the third columns of Table 5 and Table 6 . In Table 5 , we find that the ranges of all branching ratios Table 5 and Table 6 . From Table 5 , we find the ranges of all branching ratios are shrunk by λ ′ * i23 λ ′ i22 coupling and the experimental constraints. The last columns of Table 6 show that λ 
Summary
We have studied the twenty-four double charm decaysB could greatly enlarge all other CP asymmetries, which are also very sensitive to the relevant RPV couplings. However, the direct CPAs are still too small to be measured soon. We could explore RPV MSSM effects from the mixing-induced CPAs of B s decays.
With the large amount of B decay data from BABAR and Belle, especially from LHCb in the near future, measurements of previously known observables will become more precise and many unobserved observables will be also measured. From the comparison of our predictions in Figs. 2-3 and Figs 5-6 with near future experiments, one will obtain more stringent bounds on the product combinations of the RPV couplings. On the other hand, the RPV MSSM predictions of other decays will become more precise by the more stringent bounds on the RPV couplings. The results in this paper could be useful for probing RPV MSSM effects, and will correlate with searches for direct supersymmetry signals at future experiments, for example, the LHC.
